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(54) Double-pipe heat exchanger

(57)  Itis an object of the invention to provide an in-
expensive double-pipe heat exchanger having high per-
formance and comprising an inner pipe and an outer
pipe which constitute a double pipe without adding a
heat-transfer facilitating material such as an inner fin. In
the double-pipe heat exchanger having the inner pipe
and the outer pipe, the outer pipe is dented from its out-
side toward its inside, thereby forming a plurality of pro-
jections which tail down toward the inner pipe. Examples
of shapes of the projection are substantially conical

shape, substantially truncated shape, substantially
spherical surface shape, substantially cylindrical shape,
substantially elliptic cylindrical shape and the like. The
projections are disposed helically or in a zigzag manner
such as to surround the inner pipe. With this structure,
only by subjecting the outer pipe to simple working such
as press working, it is possible to increase the turbulent
flow of fluid flowing between the inner pipe and the outer
pipe, and to facilitate heat transfer from fluid flowing in
the inner pipe to fluid flowing between the inner pipe and
the outer pipe.
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Description
Technical Field

[0001] The presentinvention relates to a double-pipe
heat exchanger for exchange heat between water and
refrigerant such as a water heater and an air condition-
ing system, and more particularly, to a double-pipe heat
exchanger suitable for a supercritical heat pump type
water heater or a supercritical heat pump type air con-
ditioning system which heats water or warming brine in
a heat pump cycle in which the pressure on the high
pressure side becomes higher than critical pressure of
refrigerant.

Background Technique

[0002] Conventionally, in a double-pipe heat ex-
changer of this type, a heat-transfer facilitating body
such as an inner fin having dimple-like projections and
depressions is inserted between an inner pipe and an
outer pipe, turbulent flow of fluid is facilitated, thereby
enhancing the heat-transfer performance of the heat ex-
changer (see Patent Document 1 for example).

[Patent Document 1]

[0003] Japanese Patent Application Laid-open No.
H9-145285 (pages 2 to 4, Fig. 4)

[0004] In the conventional structure, however, since
the heat-transfer facilitating material such as the inner
fin is required in addition to the inner pipe and the outer
pipe which constitute a double-pipe, there is a problem
that the material cost is higher than a normal double-
pipe.

[0005] The presentinvention has been accomplished
to solve such a conventional problem, and it is an object
of the invention to provide a more inexpensive double-
pipe heat exchanger having higher performance without
adding a new material other than the inner pipe and the
outer pipe, by enhancing the heat-transfer performance
only by subjecting the outer pipe to simple working.

Summary of the Invention

[0006] To achieve the above object, a first aspect of
the present invention provides a double-pipe heat ex-
changer comprising an inner pipe and an outer pipe,
wherein the outer pipe is dented from its outside toward
its inside, thereby forming a plurality of projections on
the inner side of the outer pipe.

[0007] In the double-pipe heat exchanger of the first
aspect of the invention, it is unnecessary to add a new
material except the inner pipe and the outer pipe, it is
possible to increase the turbulent flow of fluid flowing
through the inside passage of the outer pipe and to fa-
cilitate the heat transfer from fluid flowing through the
inner pipe to fluid flowing between the inner pipe and
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the outer pipe only by subjecting the double-pipe heat
exchanger to simple working, i.e., denting the outer pipe
from its outside toward its inner side and providing an
inner side of the outer pipe with the plurality of projec-
tions. Even in the curved portions, a distance between
the inner pipe and the outer pipe is substantially equally
maintained by the projections of the outer pipe disposed
around the inner pipe. Therefore, the heat transfer per-
formance is not deteriorated.

[0008] In a second aspect of the invention based on
the first aspect, the projection is formed into substantial-
ly conical shape, substantially truncated shape, sub-
stantially spherical surface shape, substantially cylindri-
cal shape, or substantially elliptic cylindrical shape.
[0009] According to the second aspect of the inven-
tion, in the double-pipe heat exchanger of the first em-
bodiment, the projection is formed into a smooth projec-
tion shape toward the inner pipe, such as substantially
conical shape, substantially truncated shape, substan-
tially spherical surface shape, substantially cylindrical
shape, or substantially elliptic cylindrical shape. There-
fore, flowing resistance of fluid flowing between the in-
ner pipe and the outer pipe can be reduced, and dete-
rioration of heat transfer performance caused by pres-
sure loss can be reduced.

[0010] In a third aspect of the invention based on the
first aspect, the plurality of projections are disposed in
a zigzag manner.

[0011] According to the third aspect of the invention,
in the double-pipe heat exchanger of the first embodi-
ment, the plurality of projections of the outer pipe are
disposed in the zigzag manner. With this structure, fluid
between the inner pipe and the outer pipe is prevented
from flowing straightly, the turbulent flow of water is fa-
cilitated, and heat transfer is further facilitated.

[0012] In afourth aspect of the invention based on the
first aspect, the plurality of projections are disposed hel-
ically.

[0013] According to the fourth aspect of the invention,
in the double-pipe heat exchanger of the first embodi-
ment, the projections are disposed helically. Thus, the
fluid between the inner pipe and the outer pipe flows hel-
ically, the flow velocity of fluid is increased, the turbulent
flow is facilitated and thus, the heat transfer perform-
ance is further facilitated.

[0014] In a fifth aspect of the invention based on the
first aspect, a refrigerant passage is formed in the inner
pipe, and a water passage is formed between the inner
pipe and the outer pipe.

[0015] According to the fifth aspect of the invention,
in the double-pipe heat exchanger of the first embodi-
ment, the water passage having greater enhancing ef-
fect of the heat transfer performance caused by in-
crease in turbulent flow of fluid as compared with the
refrigerant is made as a passage between the inner pipe
and the outer pipe on which the plurality of projections
are disposed, and the interior of the inner pipe is made
as arefrigerant passage. With this feature, heat transfer
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can be facilitated more effectively.

[0016] In a sixth aspect of the invention based on the
fifth aspect, the inner pipe is a leakage detecting pipe.
[0017] According to the sixth aspect of the invention,
in the double-pipe heat exchanger of the fifth embodi-
ment, the inner pipe is made as the leakage detecting
pipe having the leakage detecting grooves. With this
feature, it is possible to find, at early stage, corrosion or
the like of the inner pipe due to leakage of refrigerant or
water into the leakage detecting pipe, it is possible to
prevent refrigerant from being mixed into water (drinking
water or the like), and safety can be secured.

[0018] In a seventh aspect of the invention based on
the fifth aspect, carbon dioxide is used as the refrigerant.
[0019] According to the seventh aspect of the inven-
tion, in the double-pipe heat exchanger of the fifth em-
bodiment, carbon dioxide has excellent heat transfer
performance in the supercritical region, and the carbon
dioxide is used as the refrigerant. With this feature, the
heating efficiency of water is enhanced.

[0020] In an eighth aspect of the invention based on
the fifth aspect, the refrigerant and water flow in opposite
directions from each other.

[0021] According to the eighth aspect of the invention,
in the double-pipe heat exchanger of the fifth embodi-
ment, the refrigerant and water flow in opposite direc-
tions from each other. With this feature, the heat transfer
performance from refrigerant to water can further be en-
hanced.

[0022] In a ninth aspect of the invention based on one
of the fifth to eighth aspects, the number of the projec-
tions disposed on an exit side of the water is smaller
than the number of the projections disposed on an en-
trance side of the water.

[0023] According to the ninth aspect of the invention,
in the double-pipe heat exchanger of any of the fifth to
eighth embodiments, the number of the projections dis-
posed on an exit side of the water is smaller than the
number of the projections disposed on an entrance side
of the water so that a space between the inner pipe and
the outer pipe on the side of the water exit where higher
temperature water flows is increased. With this feature,
it is possible to prevent the water passage from clogging
which may be caused by scale such as calcium carbon-
ate which is prone to be deposited in high temperature
water.

[0024] In atenth aspect of the invention based on one
of the fifth to eighth aspects, the depth of the projections
disposed on an exit side of the water is shallower than
the depth of the projections disposed on an entrance
side of the water.

[0025] According to the tenth aspect of the invention,
in the double-pipe heat exchanger of any of the fifth to
eighth embodiments, the depth of the projections dis-
posed on an exit side of the water is shallower than the
depth of the projections disposed on an entrance side
of the water so that a space between the inner pipe and
the outer pipe on the side of the water exit where higher
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temperature water flows is increased. With this feature,
itis possible to prevent the water passage from clogging
which may be caused by scale such as calcium carbon-
ate which is prone to be deposited in high temperature
water.

[0026] In an eleventh aspect of the invention based
on one of the fifth to eighth aspects, the projections are
not disposed on an exit side of the water.

[0027] According to the eleventh aspect of the inven-
tion, in the double-pipe heat exchanger of any of the fifth
to eighth embodiments, the projections are not disposed
on an exit side of the water so that a space between the
inner pipe and the outer pipe on the side of the water
exit where higher temperature water flows where higher
temperature water flows is increased. With this feature,
itis possible to prevent the water passage from clogging
which may be caused by scale such as calcium carbon-
ate which is prone to be deposited in high temperature
water.

Brief Description of the Drawings
[0028]

Fig. 1 is a sectional view of a double-pipe heat ex-
changer according to a first embodiment of the
present invention.

Fig. 2 is a view of a structure of an essential portion
of the double-pipe heat exchanger of the first em-
bodiment of the invention.

Fig. 3 is a sectional view of a double-pipe heat ex-
changer according to another embodiment of the in-
vention.

Fig. 4 is a view of a structure of an essential portion
of the double-pipe heat exchanger of the other em-
bodiment of the invention.

Fig. 5 is a sectional view of a double-pipe heat ex-
changer according to another embodiment of the in-
vention.

Fig. 6 is a view of a structure of an essential portion
of the double-pipe heat exchanger of the other em-
bodiment of the invention.

Fig. 7 is a sectional view of a double-pipe heat ex-
changer according to a second embodiment of the
invention.

Fig. 8 is a sectional view of a double-pipe heat ex-
changer according to a third embodiment of the in-
vention.

Fig. 9 is a sectional view of the double-pipe heat
exchanger taken along a line A-A' in Fig. 8.

Fig. 10 is a sectional view of the double-pipe heat
exchanger taken along a line B-B' in Fig. 8.

Preferred Embodiment of the Invention
[0029] Embodiments of the present invention will be

explained below with reference to the drawings.
[0030] Fig. 1 is sectional view of a double-pipe heat
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exchanger and Fig. 2 is a view of a structure of an es-
sential portion of the double-pipe heat exchanger, ac-
cording to a first embodiment of the invention.

[0031] The double-pipe heat exchanger of this em-
bodiment is used as a water refrigerant heat exchanger
for warm water in a water heater using carbon dioxide
as refrigerant. As shown in Figs. 1 and 2, an inner pipe
1 is concentrically inserted into an outer pipe 2. Fig. 2
is a sectional view of the double-pipe heat exchanger
taken along a line A-A'" in Fig. 1.

[0032] In this embodiment, a refrigerant passage 4
through which refrigerant R flows is formed in the inner
pipe 1. A water passage 5 through which water W flows
is formed between the inner pipe 1 and the outer pipe
2. The refrigerant R and the water W flow in opposite
directions from each other.

[0033] The outer pipe 2 is formed with a plurality of
substantially conical projections 3 which tail down to-
ward the inner pipe 1. The projections 3 are formed by
denting the outer pipe 2 from its outside toward its inside
by a working method such as press working. The pro-
jections 3 are disposed in a zigzag manner in a longitu-
dinal direction of the outer pipe 2.

[0034] The inner pipe 1 comprises a leakage detect-
ing pipe having leakage detecting grooves 6 which are
continuously formed in a longitudinal direction of the in-
ner pipe 1. The leakage detecting grooves 6 are formed
between two pipes 1a and 1b. Each of the two pipes 1a
and 1b is made of material having excellent heat con-
ductivity such as copper.

[0035] The outer pipe 2 may not be made of material
having excellent heat conductivity, but if connection
strength between an exit portion of the inner pipe 1 and
an exit portion of the outer pipe 2 and between an en-
trance portion of the inner pipe 1 and an entrance portion
of the outer pipe 2is taken into consideration, it is pref-
erable to use the same material as that of the inner pipe
1. Itis preferable that the outer pipe 2 is made of material
having excellent corrosion-resistance with respect to
water, e.g., copper.

[0036] According to the double-pipe heat exchanger
having the above-described structure, the following ef-
fect can be obtained.

[0037] Between the inner pipe 1 and the outer pipe 2,
the plurality of projections 3 are disposed in the zigzag
manner such as to surround the inner pipe 1. With this
structure, water is prevented from flowing straightly in
the longitudinal direction of the pipe, the water flows
such as to meander, the turbulent flow of water is facil-
itated, and heat transfer from the refrigerant flowing
through the refrigerant passage 4 to water flowing
through the water passage 5 is facilitated. Since the pro-
jections 3 are substantially conically and smoothly pro-
jected, the flowing resistance of fluid meandering
through the water passage 5 is reduced, and deteriora-
tion of heat transfer performance caused by pressure
loss can be reduced.

[0038] In this embodiment, the refrigerant R flows
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through the inner pipe 1 and the water W flows between
the inner pipe and the outer pipe. On the contrary, water
W may flow through the inner pipe and the refrigerant R
may flow between the inner pipe and the outer pipe.
However, the heat transfer enhancing effect by increase
of turbulent flow of water is greater than that of refriger-
ant. Therefore, if water is allowed to flow between the
inner pipe and the outer pipe having the projections 3,
the heat transfer can be facilitated more effectively.
[0039] In order to accommodate the double-pipe heat
exchanger of this type in a small space, the inner pipe
1 is inserted into the outer pipe 2 and in this state, the
double-pipe heat exchanger is wound into a coil shape
in some cases. In this case, the projections 3 disposed
around the inner pipe 1 keeps the concentric state be-
tween the inner pipe 1 and the outer pipe 2 and even
their curved or wound portions. Thus, a distance be-
tween the inner pipe 1 and the outer pipe 2 does not
become extremely long or short, and the heat transfer
performance can be prevented from being deteriorated.
[0040] The leakage detecting pipe having the leakage
detecting grooves 6 is employed in the inner pipe 1.
Thus, it is possible to find, at early stage, corrosion or
the like of the inner pipe 1 due to leakage of refrigerant
R or water W into the leakage detecting pipe, it is pos-
sible to prevent refrigerant from being mixed into water
(drinking water or the like), and safety can be secured.
[0041] The plurality of projections 3 of the first embod-
iment may be formed into substantially truncated pro-
jections (or elliptic truncated projections) which tail down
toward the inner pipe 1 as shown in Figs. 3 and 4, or
may be formed into cylindrical projections (or elliptic cy-
lindrical projections) as shown in Figs. 5 and 6. Other
shaped projections may also be employed, e.g., the pro-
jection may have substantially spherical shape in which
the entire projection is rounded.

[0042] Fig. 7 shows a structure of an essential portion
of a double-pipe heat exchanger according to a second
embodiment of the invention.

[0043] The plurality of projections 3 of the outer pipe
2 are disposed such as to helically surround the inner
pipe 1. Thus, fluid (water W) between the inner pipe 1
and the outer pipe 2 flows helically, the flow velocity of
the fluid (water W) is increased, the turbulent flow is fa-
cilitated, and the heat transfer performance is further fa-
cilitated.

[0044] Figs. 8 to 10 show a double-pipe heat ex-
changer according to a third embodiment of the inven-
tion.

[0045] Fig. 9 shows a cross section (A-A'") of the dou-
ble-pipe heat exchanger closer to a water entrance. Fig.
10 shows a cross section (B-B') of the double-pipe heat
exchanger closer to a water exit.

[0046] The number of projections 3 per unit length in
the water entrance area is smaller than that in the water
exit area. As shown in Figs. 9 and 10, depth of the pro-
jections 3 disposed in the water entrance area is shal-
lower than that in the water exit area. With this structure,
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the passage between the inner pipe 1 and the outer pipe
2 closer to the water exit through which high tempera-
ture water flows can be secured widely, and itis possible
to avoid clogging of the water passage which may be
caused by scale such as calcium carbonate deposited
by high temperature water. When a distance between
the inner pipe 1 and the outer pipe 2 is originally small,
the closing of the water passage due to scale or the like
can be prevented by disposing no projections 3 in the
water exit area.

[0047] As apparent from the above embodiments, ac-
cording to the present invention, in a double-pipe heat
exchanger comprising an inner pipe and an outer pipe,
the outer pipe is dented from its outside toward its inside,
thereby forming a plurality of projections on the inner
side of the outer pipe. With such a simple working, it is
possible to increase the turbulent flow of fluid flowing
through the inside passage of the outer pipe and to fa-
cilitate the heat transfer from fluid flowing through the
inner pipe to fluid flowing between the inner pipe and
the outer pipe. Further, even in the curved portions, a
distance between the inner pipe and the outer pipe is
substantially equally maintained by the projections of
the outer pipe disposed around the inner pipe. There-
fore, the heat transfer performance is not deteriorated.
Thus, the heat transfer performance is enhanced only
by subjecting the outer pipe to the simple working with-
out adding a material for a heat-transfer facilitating body
such as an inner fin except the inner pipe and the outer
pipe. Therefore, it is possible to provide an inexpensive
double-pipe heat exchanger having excellent perform-
ance.

[0048] Further, according to the invention, the projec-
tion of the outer pipe is formed into a smooth projection
shape toward the inner pipe, such as substantially con-
ical shape, substantially truncated shape, substantially
spherical surface shape, substantially cylindrical shape,
or substantially elliptic cylindrical shape. Therefore,
flowing resistance of fluid flowing between the inner pipe
and the outer pipe can be reduced, and deterioration of
heat transfer performance caused by pressure loss can
be reduced. Therefore, it is possible to provide a double-
pipe heat exchanger having more excellent perform-
ance.

[0049] Further, according to the invention, the plural-
ity of projections of the outer pipe are disposed in the
zigzag manner. With this structure, fluid between the in-
ner pipe and the outer pipe is prevented from flowing
straightly, the turbulent flow of water is facilitated, and
heat transfer is further facilitated. Therefore, it is possi-
ble to provide a double-pipe heat exchanger having
more excellent performance.

[0050] Further, according to the invention, the projec-
tions of the outer pipe are disposed such as to helically
surround the inner pipe. Thus, the fluid between the in-
ner pipe and the outer pipe flows helically, the flow ve-
locity of fluid is increased, the turbulent flow is facilitated
and thus, the heat transfer performance is further facil-
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itated. Therefore, it is possible to provide a double-pipe
heat exchanger having more excellent performance.
[0051] Further, according to the invention, the water
passage having greater enhancing effect of the heat
transfer performance caused by increase in turbulent
flow of fluid as compared with the refrigerant is made as
a passage between the inner pipe and the outer pipe on
which the plurality of projections are disposed, and the
interior of the inner pipe is made as a refrigerant pas-
sage. With this feature, heat transfer can be facilitated
more effectively. Therefore, it is possible to provide a
double-pipe heat exchanger having more excellent per-
formance.

[0052] Further, according to the invention, the inner
pipe is made as the leakage detecting pipe having the
leakage detecting grooves. With this feature, it is possi-
ble to find, at early stage, corrosion or the like of the
inner pipe due to leakage of refrigerant or water into the
leakage detecting pipe, it is possible to prevent refriger-
ant from being mixed into water (drinking water or the
like), and safety can be secured. Therefore, it is possible
to provide a double-pipe heat exchanger having higher
safety.

[0053] Further, according to the invention, carbon di-
oxide has excellent heat transfer performance in the su-
percritical region, and the carbon dioxide is used as the
refrigerant. With this feature, the heating efficiency of
water is enhanced. Therefore, it is possible to provide a
double-pipe heat exchanger having more excellent per-
formance.

[0054] Further, according to the invention, the refrig-
erant and water flow in opposite directions from each
other. With this feature, the heat transfer performance
from refrigerant to water can further be enhanced.
Therefore, it is possible to provide a double-pipe heat
exchanger having more excellent performance.

[0055] Further, according to the invention, the number
and depth of the projections disposed on an exit side of
the water is smaller than the number and shallower than
the depth of the projections disposed on an entrance
side of the water and the projections are not disposed
on an exit side of the water so that a space between the
inner pipe and the outer pipe on the side of the water
exit where higher temperature water flows is increased.
With this feature, it is possible to prevent the water pas-
sage from clogging which may be caused by scale such
as calcium carbonate which is prone to be deposited in
high temperature water. Therefore, it is possible to pro-
vide a double-pipe heat exchanger having higher relia-
bility.

Claims

1. A double-pipe heat exchanger comprising an inner
pipe and an outer pipe, wherein said outer pipe is
dented from its outside toward its inside, thereby
forming a plurality of projections on the inner side
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of said outer pipe.

The double-pipe heat exchanger according to claim
1, wherein said projection is formed into substan-
tially conical shape, substantially truncated shape,
substantially spherical surface shape, substantially
cylindrical shape, or substantially elliptic cylindrical
shape.

The double-pipe heat exchanger according to claim
1, wherein the plurality of projections are disposed
in a zigzag manner.

The double-pipe heat exchanger according to claim
1, wherein the plurality of projections are disposed
helically.

The double-pipe heat exchanger according to claim
1, wherein a refrigerant passage is formed in said
inner pipe, and a water passage is formed between
said inner pipe and said outer pipe.

The double-pipe heat exchanger according to claim
5, wherein said inner pipe is a leakage detecting

pipe.

The double-pipe heat exchanger according to claim
5, wherein carbon dioxide is used as the refrigerant.

The double-pipe heat exchanger according to claim
5, wherein the refrigerant and water flow in opposite
directions from each other.

The double-pipe heat exchanger according to any
one of claims 5 to 8, wherein the number of said
projections disposed on an exit side of the water is
smaller than the number of said projections dis-
posed on an entrance side of the water.

The double-pipe heat exchanger according to any
one of claims 5 to 8, wherein the depth of the pro-
jections disposed on an exit side of the water is shal-
lower than the depth of the projections disposed on
an entrance side of the water.

The double-pipe heat exchanger according to any
one of claims 5 to 8, wherein said projections are
not disposed on an exit side of the water.
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Fig. 5

Fig. 6
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Fig. 7

Fig. 8

10



EP 1 431 693 A1

1



EPO FORM 1503 03.82 (P04C01)

EP 1 431 693 A1

0,) European Patent  £\;ROPEAN SEARCH REPORT
Office

Application Number

EP 03 02 8294

DOCUMENTS CONSIDERED TO BE RELEVANT
Catego Citation of document with indication, where appropriate, Hele\{ant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (Int.CL.7)
GB 977 579 A (SERCK RADIATORS LTD) 1-8 F28D7/10
9 December 1964 (1964-12-09) F28F1/06
* the whole document * F28F1/00
US 4 326 582 A (ROSMAN IRWIN E ET AL) 1-8
27 April 1982 (1982-04-27)
* abstract; figure 4F *
DE 917 009 C (MANNESMANN AG) 1,2
23 August 1954 (1954-08-23)
* the whole document *
TECHNICAL FIELDS
SEARCHED  (Int.CL7)
F28D
F28F
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
MUNICH 20 January 2004 Bain, D

X : particularly relevant if taken alone
Y : particularly relevant if combined with ancther

A : technological background
QO : non-written disclosure
P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

document of the same category L : document cited for other reasons

& : member of the same patent family, corresponding

12



EPO FORM P0459

EP 1 431 693 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 03 02 8294

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

20-01-2004
cted i seareh repor e Fember) road

6B 977579 A 09-12-1964  NONE

US 4326582 A 27-04-1982 NONE

DE 917009 ¢ 23-08-1954 NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

13



	bibliography
	description
	claims
	drawings
	search report

